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fo determine the relative influence of graphic and emperical rommlas on 


chemistry gradese 


in teaching of Blementary Unemisiry, students have a considerable amownt 
of difficulty in remembering rormulas. ‘the student Cannot write equations un- 
less he can remember fovea anerefore, it is important that some method to 
make Memorization of formulas easier be found. uch of the work in Slementary 
Chemistry has to uo With the solving of problems, and in voruer that these 
problems may yas golved, a equations Must be memorized. «as has been Said, 
berore the student can correctly write an equation, he must gocurately remem 


ober all of the rormulas involved 


therefore, remembering formulas is very esseitial. 
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this is very Atoies. 
the Yact that two atoms 


information than this is 


it 


that is, 


added onto 
the Oxygen 
wometimes it is necessary to 
ced In organic a. eee we Have to do With very Complex compounds, 
Las or each are often very long and empirical rormilas are sometimes of 
vele uses | shere gore! i eahcms bhod of writing formulas, Known as the Gra- 
a nes bauw povinete : By means of graphic tormalas, the structure of 


3 Show. for instance, the two tormulas below are Wraphic xyormlus: 


emp irioal Zormle ig] expres se3 ei ther of then but does not dirferen-. 
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: the 0, and you vere is a airverence between the twoe In one Case, 
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These two compounds are not alike. ‘he diflerence in the position of the 
chlorine atom make a difference in the properties of the compounds. ‘hey are 
entirely séparate anu Gatinor compounds with separate properties. 

The empirical formula does not show this: being the same ror both compounds. 
And so, Sraphic rormulas have grown up in the il shoe of Chemisury, and are of a 
great deal of use aud importance to tne chemist. 

It occurred to me to wonder whether graphic formulas, oy presenting a pice- 
ture to the eye of the student, might not be more easily remembercu than em 
pirical rormulas. 

‘The lines in the above Sraphic rormulas, Which connect one atom with an- 
other, represent the Valence of the various elements. “hus, there ure four lines 
radiating from @ach Carbon atom ‘iis Taal dabes that tne valence of Varbon is 
Tour. Hadiating from each Hydrogen atom tiuere is one LW neeue the valence of 
Hydrogen is one. ‘he valence of Chlorine is one and accordingly, there is one 
Sone Yadiating from eaeh Chiorine atom 

A Ku.oWledge of Valence is very necessary in the study of Chemistry. Now 
if I write tie empirical formula Hj,80, there is nothing in it to indicate the 
Viaences of the various elements. f, on the other hand, I write the vormula 


Graphically as rellows: 
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Forma. nites in the very simple 


“student head: wne ther the formula - is aM 530, 0r H,sO¢e If he- 


ore av once that % he formula must be H , $0, In H 3s ane Teeny of the 


‘phur is six, 4t rollows that the 


°. Sulpnarie acid cannot be 1 H,80,« in # 50. te valeace of the Sulphur 


be eight, as shown. in ~ S paeasss graphic rormala: 


Since the valence of Sulphur is not eight, obviously H SO is not the form 
ula of Sulphuric acid. 

From these considerations it occurred to Me that a Knowledge of graphic 
forimilas might be of some Value to the stuuent as and aid vo memorizing formulas 
and indirectly, since formulas are used in writing equations, and in solving 


problems, be an aid in the learning or VLhemistry generallye 
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Two groups of seniors in the South Philadelphia High School for Boys were 
used in this experiment. ‘their ages ranged from 16 to nearly 19 years. here 
ere 24 boys in each groupe 
When the boys entered school in September, they were given achievement tests 
in chemistry two or three times a week Zor about six weekse WUuring this period 
tne instruction in chemistry in both groups ies a3 nearly the same as possible. 
At the end of six weeks, a more elaborate test. than any So far given was ade 
Ministered. ‘this was nvets Standardized test. 
whe purpose of all this testing was to determine how nearly alike the two 
groups were in theirabilivy to Master Ghemistry when tauzht in exactly the 
same waye the results of these final tests are given on page /O, uring the 
‘ next seVen weeks, one sroup Was taught tne graphic metnod of wriving formulas 
aud the other group was taught the empirical method of writing formulas. An 


wa 


attempt was made to Keep the instruction exactly the same for both groups in 
. 
all other particulars. 
the ages of the stuucnt were taken from statements of the Stuuenis thene 
selves. ‘the stuuentswere askeu whether the/ worked after senool or not and 
this data is included in the taole or page /%- itv Was believed that the Size 
of the studeits' roster would have an influence on his ability to learn chemis-= 
try and therefor the foster load for each student is also given on page /$ 
During the second Seven weeks, ine boys were tested by hcme-made Chemistry 
test two or three times a week and at the end of the period, were jiven an 
@laborate test covering tie irk os tne entire period. “his data is given 
on page / . | 


After tne ex-periment was completed, an intellige:ce test, tue serman 


Group fest, was administered to both groups fur the purpose of determing how 
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nearly the two groups were alixe in ability. ihe results of this test are given 
in the table on page /3. 

So far as could be uetermineu, none of the boys had had any previous exper- 
jence in Chemistry. None of them were repeaters. 


whe two groups are referred to in tnis report as Be4@ and Bed. 
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THE first taskato determine whether the two groups were alike. First 
of all With regard to age. 


Their ages are as follows; 


Bed B=2 
Yr. Mone Yre ion. 
1g 9 ie ey 
18 8 ik 
17 a7 44, 
4 17 10 
7 9 ne 
8) 17.9 
a 17 
i 8 iz 6 
7). « | 17 6 
ay 4 7 6 
i s 17 4 
7 2 . ae 
17. 4 7S 
16 11 eS 
Te ac 
16 ” 17 vA 
6 «7 ee 
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Between Urade warned 


During “irst Seven Weeks 


and Grade Harned During 


second Seven Weeks. 


Bed nee 


» 162 


2 856 
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Noe of Ie Gis > Grade Sarned Av snd) Grade Sarned uring 
Bruen t of #irst / Weeks. Second 7 Weekse 
22 4 Eo 196* «be 030 82 6D 80 ; 52 
Ps 48 1.134 1. 025 92 87 91 75 
16 «618 1.057 1.025 44 — 42 62 
oS. 16 1.092 1.019 72 86 81 29 
8 7 1. Ob1 1. 009 76 81 76 56 
a2. 10 1.0354 2994 60 82 65 80 
a. 6 1. 028 0977 84 63 92 43 
1. 17 1.019 +960 60 87 60 84 
4 2999 0947 85 79 81 5b 
a, 1Y 299D 0941 BO 2 78 dod 
il 8 -992 2919 86 42 10 31 
. Al 2972 °911 a9 68 70 72 
ne e4 71 » 88D 66 68 40 7 
a) 23 4965 2882 92 61 96 57 
a “951 0875 14 51 60 49 
7-9 0912 - 870 12 To 72 28 
6 12 906 «870 15 64 66 43 
19 «21 -890 812 81 68 84 45 
sy 20 2879 + 809 76 71 8b 61 
e's 875 . 718 34 35 23 42 
ce 2 - 867 51 48 64 52 
mS - 646 59 32 54 48 
20 «14 817 89 a 93. = 38 
eS oe oe 12 pi BO Sl 

_ Average 966 924 73 67 72 56 


Noe of Boy Grade sarned Grade darned * Indicates, Age in Yrs. 465 iline Periods 


according | at end of lspat end of 2| boy works and On 
to rolle | 7 weeks. “7 weeks. after school] Uonths. © Koster. 
Bee Boo | Bea BS |e BS | ee BS |) Bee | ek BB 
ee ae oo 80 9b 17-5 176 26 32 
ee 8D 48 i Sa 88 17-8 30 
a a1 we 81 48 : ey 17%10| 26 35 
4 4 34D 23s 62 * 1s-8 17-6 33 32 
a 64 80s 9 * bg l7=p 18-6 52 35 
6 6 92 63 91 an. | * | 16-1 17-6 | 25 36 
me i" 72 81 14.86 * * 17-3 30 32 
ee 76 42 “me * | 17-9 17-9 26 52 
. 9 390i 70 ~=»8 * * | 16-1 17-1 53 36 
a | gs ee | wo | Ct ‘ ‘0 | ae 
ae “ew | hk OUR * | 16-7 17-3 30 31 
48 a. a? fee We 16-11 16-5 32 23 
13°13 7 64 mo. 4h. | * * | ie ite | 2 32 
ee 8088 60 = 68 | * | 2%2 17-9 36 30 
16 ib s. ml a ae * * | 17-10 16-4 bd 35 
eo oa, | oe 668 | lk le ld] Ut | RD 1B | 6 RT 
7 Ay 16 «87 aS wm 1 * * | ane 17-0 36 26 
a ie ‘ma | 42. Be ’ 16=2 39 39 
[oo 1 | lok | oe | Ct ee ee 
a 20 20 85 =o 93 61 * * | 17-4 16-5 26 30 
ma. ose | 88 96 45 * *) ) [eed eeul) | ae Sd 
ee 22 82 oo? 60s «4 * 17-0 29 31 
a5 23 0. #40 BY e | 1%@ 29-7 26 27 
ee en eS cee ee 
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The average Ie Q ror Bed was .966. ‘ihe average I. for Bed was .924, 
these I1e@'s are just about normal, being very nearly one and are pretty closely 
alike. ‘his establishes the fact in so far as the method is reliable, that the 
two groups were or about equal intelligence. It may be worth pointing out 
that there was a Slight difference between the two groups and the group of the 
higher 1.6% made the betier achievement scores. 

vhe coefZieient of correlation between the 10's anu the grade at the end 
of the first seven weeks Was .2235 for Bed. ‘This is #e positive correlation 
but is very low and seems to indicate almost no correlation at all. his is 
surprising since success in cnemistry snoulu depend more upon native ability 
than ioisces in some other subjects and might very well furnish material for 
a future investigation. 

A 8till greater discrepancy is indicated in the fact that the coefficient 
Or correlation between the Ieq and the grades earned during the Second seven 
weeks for Be4 is still lower, being .162 and this is almost zero correlation 

QV SE ‘ae. . 
and would teeve one to sup pose that intelligence is not a factor in acquiring 
hemi cal in¢ormation. ln iter words, it seems that we are probably stressing 
memory more than reason. 

3 where is a very high degree of gorrelation between the grade earned at 
: the end of tne first seven Wecxs and the grade earned at the end of the second 
seven weexs in Bea ‘The coefrvicient of cortelation is .6&56. 

une cigures for sed Can ie ghtaiued from page /3. ‘they show a higher 
degree or corivlation between the le ® and the jrades earned and a lower de=- 
gree of dodrelation peveten the grades Siicungl¥ea. this is strange and un@- 
usual and it is uirvicult to see why the rigures in Bea are uot. very nearly 


the saize as those in Ben, since the two groups were of about the sane native 


16 
ability to start with. 

the average of the marks in se4 at the end of the ‘first seven weeks was 
75- ‘the average of the marks in 5-4 earned during the next seven weeks was 72. 
this is pretty close agreviment and it is just about what one woulu expect, since 
these boys were not taught graphic formulas out were taugiit the old method of 
writing formulas. Not only were the averages closely alike but the distribution 
was pretty much tne same in both groups, as indicated by the coerricient of 
correlation oF db. 

Im Bed the average of the grades earned at the end of the first seven weeks 
was 6/7. ihis is rive poinis lower than the average in 54 for the same period. 
ine 14's in Jeo were also a trixle lower than the I.w%’'s in bed it will be 
remembered. so that this goisewhat lower average score is uot so surprising 
as it would iave veen if the discrepancy iu the 1. s's nad been the other way 
around. but the average grade in s=d ror the Second seven wecks Was only O66. 
this indicates a talling off of nearly 17 in average grade. Yo fav the data 
seems to indicate the following: 

fwo groups of boys of nearly equal I.w's with about equal ability in 
chemistry were taught during the second seven Weexs of the term by ab rtereat 


methods. ‘he group taught by one method (empirical formulas) did about the 


& 
& 


Same grade Of Work during the second seven weeks as they did uuring the first 
saven weexs, while the marks of the group taught by the second method (graphic 


formulas) tell off 17% 


17 


The ages of the boys were useful in determing their I1.4's und also serve 
to shoW that the two groups were of about tne same ave.age age and that the ae 
distrioution was about the sate in both groups. here was, however, quite a 
difference vetween the ages of the youngest and the oldest in each Groupe: 
@his difference amounting to 2 years and 4 months in be5 and 2 years and & 
months in S-4e 

xegarding after school Work not much can be said. ‘whe boys’ own state= 
meuts were taken as to whether they worked ai ter school or not and no standard 
Was set as to Wiat Should be regarded as after school work. Some ooys may 
run a few errands which would take ouly an fiour of so and other may serve paper 
Youte for an huur or two in the evening and then usher in tue theatre for the 
rest of ita uight. Obviously, tne latter emplo,zaent would interfere Consider- 
ably with the pos work While the former might not. ‘herefore, not much de= 
pendence Was placed upou the rfactor of after school work. However, 18 boys 
in bed Work or claim to work after school, while ouly 15 in bea work or Claim 
to Work. One Woulu expect the Marks to be lower in the cluss where more of 
tne buys work aud this is Sonstetent With the data. ixpressed in snother Way, 
Top of the boys in b-5 work; 64% oi the boys in S-4 work, So that there is 
11% more employment in bo than in b-4d 

the aVerage Mark ce the end of the first seven weeks in wep was 6 points 
lower tian the ave-age Wark in bed. Yoerhaps because or the greater employment 


in Bde 


ariaently consistently 


choot works He was ele 


@ ace to indicate retardation. 


a first seven weeks, was oh 


that ne came in late is Provably more rani eienn than 


lr the results of the 


oar ane ia, put as a ee fact, 1 do not think the 


“hay al carried rosters of 351 or 


ta overs case the grade We the One. Of, The. experiment: was 
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Graphic formulas were unable to make good gtudents of them and when cne 
considers the very heavy rosters and the ract that they worked after school the 
result is not surprising. 

In 5-4, 4t the end of the first seven weeks, that is, before there was any 
difrerentiation between the Work of the two classes, Wiese dine eight boys ar 
S=@ with grades vetwecn JO and 9O. ithe grades and the other information concerne 


ing these students ure given in tne rollowing tables 


Grade at snd of Grade at nd of Periods on age suployment After 
sirst ( weexs, — axperiment. duster.  re-iion. school. 

85 81 30 os 8 \ AO 

86 70 350 16 7 lio 

ora aoe 60 ee ee No 

84 92 36 tT oe Yes 

81 84 26 16 7 tes 

85 7 93 | 26 a Yes 

82 : 80 29 ieee lio 


-g0 18 26 17 4 No 


In ty ahave table it seems, on the whole, as though the grade on the second 
Yeport was pretty much the salle as the grade ou the first report in five out of 
tue eight casese In the otner three cases, the grade increased in two of then 
and decréased in onee the boy whose grade decreased Nad a roster of JO periods, 
“ did not work after schook but was comparativel, joung, veing one ov tne two 
youngest in tne group. I do nov know wether his urade went down. ThekE does 
not seem to be any justification ror it in any of the data which 1 havee in 
tne vias ‘un cases that is, where the grade went up, one boy has a heavy roster 
of 36 periods and the other boy has a lignt roster of 26 periods; both boys work 


: WHY 
after school and one is nearly a year older than the other. Whetaer the grade 
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_went up in either case I do not know but it is probably the result of added work 


MOTs VAP FLOM 
meditication for one reason or another and seems iot to be connected 


or greater 
very definitely with age, roster, or outside work. low, on the whole, it seems 
that the goud stujients in o-4 that is, those whose Grades fell between 80 and 90 
at the eud of the tirst seven Weeks, continued to be goud students during the 
next seven weeks or improved to such an extend that they vecame excellent e\cueuea 
This latter being true only in two cases; or became rair students, this being true 
only in one case; vut in the vast majority of the cases, as was to be expected, 
the grade did not change oy much. 

Kow let us consider tne buys in Bed whose grades a. the end of tne first 


seven weeks fell between uO and 90. ‘here were seven cuses. ‘the srades were 


as follows: 


81 
Pretty nearly the sane number of boys as in group 34 ‘This is normal and 
natural and just what one woulda expect. , 
une total score of those whose grades were between 80 and 90 in bed was 594. 
fhe total score of seven of those whose grades were between 60 and 9O in 5-4 was 
583 So that, if anything, the boys in Sep did slightly better than those in bed 
It will be reaedbered that 5-5 was tne Section that was taught the graphic method 


of writing formulas aiiu 5-4 was the Section taught the empiric methed or writing 


| Pormulase 


Now compare the grades at the end of the experiment with those at the end 


of the first seven weeks for wection bey, 


Grade at dna of Grade at End of Periods on Age Employment after 
First ?@ Weeks. _taxperiment AQStere Life -bign. scnoo] 
81 | B6 a ae Yes 
g2 | 80 27 % 0 Yo te 
oy . 73° re) 1 SS. io 
88 68 30 iY oe tes 
86 75 27 py Yes 
87 84 <6 ee tes 
a Se | a Ay Yes 


From the avove table it is @Vident that in every case the mark at the end 
of the experiment Was lower than the mark at the beginning. age distribution 
in<taD is just about the same in both Broups. ix of the boys in Be5 worked 
arter school as contrasted wi th three in the same group in de4 $0 that, as far 


a , ' RELEIION ASIP 
as atter school Work is concerned, there would seem to be some correlation 


ve~ 
tween it aud the decrease in gradeg tnough 1 can hardly believe that this one 
factor alone would account for the difrerencee It Would. certainly tem to do 

S0- 

Let us consiaer the roster load. So Yar as tis factor is concerned, a 
advantage was all with B-§ since:only two of them had rosters with 3O or more 
periods on them and these were 30 and 3f respectively, whereas in 4-4 4 of the 
rosters had 30 periods or more on them ani twe of these were 36 pericds. So that, 
as tar as roster load is concerned, 3-5 should have done better than bed Actually 
they did worse. 


It seems then that something caused the boys in b-§ to fall down during the 
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second third of the tie +nis may have been due tu outside work and it may 
have been due to the vact that in So #raphic Pesicias were taught while in be4q 
they were not. 

As in so many experiments of this xind it is impossible to get two groups 
exactly alike. ‘these groups were not exactly alike. ‘they differ apparently in 
after school vork and Who can say how important this uifference Wase 4siat one 
difference may have upset the whole experiment. It was in this group, that is 
the good students--those between 60 and 90, that I expected to find the grades 

BEST 
improved due to the introduction of the grapnic formulas. the,group, that is, 
those whose <rades ranged from 90 to 100, are so good that there is not much 
room for improvement anu those wnose grades are poor, that is, below 60, are 
probably not Gapable of much improvemamt, but the average group, with grades 
-Yanging from 70 to 90, are Capable of improvement. ‘they probably have intelli- 
gence enough to profit by an improved method and there is room in their marks 
for improvement. 

Let us consider, therefore, the grade range roi 70 to 80, as we have seen 
tie evidence in the grade ranze from 60 to 90, vor any improvement in grade due 
to the introduction of graphic formulas, is all negutive. Let us see whether 
it is the saue with che gtade Yange trom 70 to 80. 


Statistics covering these cases are given for bea in the following table: 


Grade for sirst Grade at Bnd of Periods on Age wziployment After 
DOVE: WeeKsSe experiment Roster Le =iione _schgol 

79 80 26 1 & No 

72 81 26 tA No 

12 12 350 iit as Yes 

76 76 26 leo: | io 


rc 60 34 Biv ¢ 0 Yes 
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Grade at snd of “rade at and of Periods on 4ge amployment After 


First 7 Weeks. =xperiment iioster ire dion. echogh 
75 66 34 Kaige hE 10 Yes 
16 85 56 17 ra Yes 


From these figures it seems that in five cases out of seven the grade re- 
Mained the same or improved; two cases out of the seven it fell dowm. ‘these two 
boys have fairly heavy rosters and they work after school, both good reasons why 
the grade might be expected to fall down. HoWever, tiere was one boy with a 
heavier roster than either of these Plisy who worked after school and his grade 
went up so that he finally had the highest grade in this group. 

Now let us compare this be4 croup with tne aS ee group in 3e9. ‘hat 
is, the boys in Be5 whose grades, at the Gnd of the first seven weeks before there 
was any differentiation in the course,.were between 70 and 60. 


the data covering these boys are given in the following table: 


Grade for First Grade at and of Periods on age Employment after 
Seven Weeks. axperiment Hoster. i Yre-ilon. 3Choo} 

79 55 ve a ~ No 

75. 58 36 pe ae Yes 

78 62 39 as No 

at 61 31 2 te | Yes 

68 72 31 17 3 Yes 

68 45 ot ee es : Yes 

68 57 31 17. 4 No 


Unfortunately there were not the same number of boys in this grade group 
in b-5 as there were in s-4 and in order to get an even number for purposes of 
matching 1 have added to this group tne three boys whose grades came nearest to 


this group. ney each had a grade of 68 ince this is the case, that is, since | 


eee: 


I nad to add three boys from the next lower group of course the grades in this 
group, at the end of the first seven weeks, are on the whole lower than those 
of the corresponding group of bed. However, in every case but one the grade at 
the end of the experiment was lower than the grade at the beginning of the ex 
periment. “Whe rosters for this group were, on the Whole, heavier than the ros- 
ters for tne corresponding group in de¢ and this might account ror the difference. 
I don't believe it does but it mighte So far a3 age distribution and out of 
school work are concerned the two groups are about alike. 

Now remembering that the group which fell] down as a result of the teachiug 
is the group that Was taugnt the grapnic method of writing pe ry it seems 
possible aud even likely that the decrease in efficiency is the result of this 
method. where are sO many other factors that might have asad rea these grades, 
factors tat one Wight not think of, factors that one may think of but cannot 
control, there are sv many of these factors that although the low grades might 
be tne result cf the uraphi¢ method, 1 teel pretty sure that they are not. Il 
think there Was sometiing else that accounted for ity and 1 shall aiscuss this 


later wider a discussion of the results. 
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ine only conclusion that could be drawn from the data, ivf any can be drawn, 
is that graphic formilas not only are not a help in learning chemistry but are 
Yather a Ninderaucd. This conclusion, however, May not be valid because there 
may be many factors influencing the data wuich have not been taken into account. 
In the first place, the #roups were so small that anything that influenced the 
Marks or two or three boys would change the results by & or 10 

A Yactor Wich may be of some importance is the fact that Sed met in the 
seVenth pericd and tae Jeo class met in the eightn period of the days the 
eighth period being tne last period of the day, which migit easily be that the 
boys in sed would be inyluenced by shin fant. they might be more tired for 
instance, and the grades in be) Might therefor Sufrrer. , 

Another factor which may be even more important is the frame ov mind of 
the teacher. After having taught the subject to one class, the teacher may be 
a little tired of the subject and May be inclined to skip through it rather 
hastily with the next class. ‘his, uf wurse, is a grevious fault on the 
part of tne teacher srbabauid be carefully guarded against. No doubt it is 
guarded against out it may Still occur to some extent. 

vo sum the whole thing Up.in a word, the data is probably insufficient 
to draw a Valid conclusion but so far as it gues, it inuicates that graphic 


formulas Should not be taught in tne high schovl. 
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